INTRODUCTION
Development of a diverse peripheral T cell repertoire able to respond to a broad array of potential pathogens, yet tolerant to self depends upon a complex, orchestrated series of events that occur in the thymus (for recent reviews see Sebzda et al., 1999; Rodewald & Fehling, 1998; Killeen at al., 1998; .
Generation and modeling of the T cell repertoire begins as thymocyte precursors arrive from the bone marrow, begin to rearrange T cell receptor (TCR) genes and proliferate. Successful TCR gene rearrangement is the first critical step in the development of a functional T cell. Once TCR genes are rearranged and expressed along with CD3, CD4 and CD8, thymocytes undergo positive and negative selection before emigrating the thymus to populate the peripheral immune system. The outcome of positive and negative selection (survival or death) is dependent on signals generated when TCR heterodimers interact with MHC molecules on thymic stromal cells (Amsen & Kruisbeek, 1998; Anderson et al., 1996) . It is well recognized that the TCR, MHC class I and II, CD4 and CD8 molecules play a critical role in these interactions (Ellmeier et al., 1999; Sebzda at al., 1999; Chan et al., 1998; Hedrick & Sharp, 1998; Marrack & Kappler, 1997) . However, interactions of developing thymocytes with thymic stromal elements; epithelial cells, dendritic cells, fibroblasts and thymic macrophages, also rely upon contacts being made between additional receptors expressed on thymocytes and stromal cells during sessile phases of differentiation (Amsen & Kruisbeek, 1998; Lagrota-Cndido et al., 1996; Dardenne & Savino, 1994; Savino et al., 1993; Boyd et al., 1993; Watt et al., 1992; Haynes, 1986) .,Although the precise path taken by thymocytes as they undergo selection is still unclear, migration must occur within the thymic lobule as thymocytes differentiate; therefore, motility receptors are also required during migratory phases of differentiation, ll integrins mediate adhesion and motility for human thymocytes (Gares et al, 1998; Salomon et al., 1997; Crisa et al., 1996; Salomon et al., 1994) . The receptor for hyaluronan (HA)-mediated motility (RHAMM) also mediates thymocyte motility and may function in conjunction with 11 integrins (Gares et al., 1998; Pilarski et al., 1993) . Recently another layer of complexity has been added, since chemokines and chemokine receptors have beerJ found to be expressed in the thymus and to mediate thymocyte chemotaxis. This indicates the mechanisms used by thymocytes to migrate through the thymus are likely to be as complex as those required for the process of selection. The emphasis of this article is to present our data and propose a model that addresses how thymocytes may achieve this task. Our Haynes, 1986; 1984) . The medulla also contains thymocytes with the phenotype expected of a generative thymocyte lineage (Pilarski, 1993) . Phenotypic analysis of thymocytes and thymic epithelial cells has been used to determine where selective events are likely to occur in order to track the path of differentiating thymocytes (van Ewijk et al., 1994; Boyd et al., 1993; Pilarski, 1993; Boyd & Hugo, 1991; Nikolic-Zugic, 1991; Haynes, 1986) . In both mouse and human tissue, the site of entry of pro-thymocytes has not been definitively determined and may be the cortico-medullary junction or the subcapsular region. In addition to an analysis of surface phenotype of thymocytes in the cortex, in situ assessment of apoptosing cells in MHC-deficient mice indicates this region is likely to be the anatomic site of positive selection (Surh & Sprent, 1994 (Savino et al., 1993; Berrih et al., 1985) and merosin (Chang et al., 1993) . In addition to the contacts made between thymocytes and stromal cells, these constituents likely play a role during thymocyte differentiation by maintaining adhesive contacts during sessile phases of development and promoting motility during migratory phases of development. Fn mediates proliferation and adhesion for murine thymocytes (Halvorson et al., 1998; Sawada et al., 1992; Utsumi et al., 1991) and both adhesion and motility for human thymocytes via c41 and 51 integrins (Gares et al, 1998; Salomonet al., 1997; Crisa et al., 1996; Salomon et al., 1994) , whereas merosin mediates only adhesion of mouse and human thymocytes via c6[1 integrin (Chang et al., 1993 Borland et al., 1998; Fraser et al., 1997; Toole, 1997; Entwistle et al., 1996; Sherman et al., 1994; Knudson & Knudson, 1993 (Watt et al., 1992) . Immunohis- tochemical analysis of human thymus also indicates collagens, Fn and laminin are distributed within the thymus (Berrih et al., 1985; Savino et al., 1993) . In vitro experiments indicate ECM constituents influence the growth of thymic epithelial cells, thus are "active" components of the thymic microenvironment. Analysis of the adhesion of murine double negatives (DN; CD4-8-) indicates these thymocytes spontaneously adhere to Fn-coated plates and to Fn-treated stromal cell monolayers utilizing c4 predominantly and 5 integrin to a lesser extent (Sawada et al., 1992; Utsumi et al., 1991 (Salomon et al., 1994 (Gares et al., 1998; Crisa et al., 1996) The orphan chemokine receptor GPR-9-6 has been characterized as the receptor for the thymus expressed chemokine TECK (Zaballos et al., 1999) . mRNA is expressed in immature and mature human and murine thymocytes and cell lines transfected with GPR-9-6 are chemotactic in response to TECK. Thymic dendritic cells produce TECK, so it is speculated that GPR-9-6 may be utilized by thymocytes through all stages of differentiation to mediate chemotaxis. CXCR4 is also expressed on immature CD34+TCR human thymocytes (Zaitseva et al., 1998) (Turley, 1989 ) and subsequent molecular cloning indicated the nucleotide sequence is distinct from the HA binding protein, CD44 (Hardwick et al., 1992) .
Examination of a number of developing tissues in which cells are required to be migratory indicates RHAMM is expressed and functions as a motility receptor Gares et al., 1998; Nagy et al., 1995; Kornovski et al., 1994; Pilarski et al., 1993; Boudreau et al., 1991; Turley at al., 1990) . RHAMM is also over-expressed by malignant cells isolated from multiple myeloma patients and human breast tumors (Crainie et al., 1999; Wang et al., 1998) . Transfection of fibroblasts with RHAMM causes non-tumorigenic cells to become highly tumorigenic which implicates RHAMM as a potent oncogene and emphasizes the importance of this receptor as a mediator of motility .
Sequence analysis of genomic murine RHAMM indicates the RHAMM gene is comprised of 14 exons and similar to CD44, splice variants are observed (Entwistle et al., 1995) . Recently, four additional exons have been identified in the open reading frame of the murine RHAMM gene (Fieber et al., 1999) . Three different species of RHAMM transcripts have also been isolated from human B and plasma cells of multiple myeloma patients (Crainie et al., 1999 (Wang et al., 1996; Nagy et al., 1995; Kornovski et al., 1994) . As yet, it is unknown whether the variable size of RHAMM is due to translation of splice variants, variation in carbohydrate addition, phosphorylation or a combination of these processes.
Murine and human RHAMM sequences are highly conserved with the majority of sequence variation occurring in the amino terminus (Wang et al., 1996) . RHAMM also contains two translation start codons. Translation of human RHAMM mRNA from the + 1 position would give rise to a 726 aa protein, whereas translation from the second start codon would yield a protein of 610 aa. Variant usage of these start codons is currently being investigated and could provide another explanation for the size variation of RHAMM proteins.
The HA binding motif was characterized using a RHAMM expression system and consists of two basic amino acids with an intervening span of seven non-acidic amino acids (BX7B) (Yang et al., 1994; 1993 Turley, 1992 (Gares et al., 1998 (Gares and Pilarski, 1999 Crainie et al., 1999; Dowthwaite et al., 1998; Teder et al., 1995; Masellis-Smith et al., 1996; Nagy et al., 1995; Pilarski et al., 1993 (Fig. 1) .
To determine if both sRHAMM-9 and sRHAMM-5 participate in motility, thymocytes were pre-treated with anti-RHAMM Mabs, washed and motility was assessed on Fn-coated wells in the presence or absence of HA (Gares et al., submitted . 
